Introduction: This experiment was conducted experimentally to synthesize Calcia Partially Stabilized Zirconia (Ca-PSZ) by sol-gel method using eggshell membrane template as a composite filler. The eggshell membrane was used to produce a mesh shaped structure, which hopefully can improve the mechanical properties of the composite. Method: Ca-PSZ filler was synthesized from ZrOCl 2 precursor and Ca(NO 3 ) 2 stabilizer with a 24 hours immersion time. Ca-PSZ of synthesis then mixed with the resin matrix to test its composite hardness. Result: The EDS characterization results suggested that the sample contained elements of zirconia, calcium, and oxygen. Whereas, the XRD characterization identified that crystal structures that formed in the sample were nano scale tetragonal. Characterization of SEM showed Ca-PSZ with mesh structured. The average composite hardness value was 15.79 VHN. Conclusion: The composites with Ca-PSZ-synthesized filler could be prepared and its hardness value was higher than the composite with Ca-PSZ filler in spherical particles, but the hardness was still below the composite on the market.
INTRODUCTION
The composite is the combination of two or more chemically different materials that are combined with the aim of improving their physical and mechanical properties, rather than when one component stands alone. 1 The composite consists of an organic resin matrix and an inorganic filler particle that are combined into one by coupling agent. 2 Composites in the practice of dentistry are used as anterior filling material only, but as the composite developed, it also has been used as a posterior dental material, onlays/inlays, and veneer.
Hardness is an important factor in composite materials. Hardness is required in order to resist wear or abrasion when used in the oral cavity. One of the things that affect the hardness of the composite is the type and size of the filler.
3 Some of the fillers in the composites are silicate zinc, silica, barium silica, quartz, aluminum silica, and zirconia. 4, 5 Zirconia is one type of ceramic that has been used in a nano-filler composites. Zirconia is widely used as a composite filler due to its excellent mechanical properties and its radiopaque image in radiology images. 6 Partially Stabilized Zirconia (PSZ) is an attempt to synthesize zirconia by adding stabilizers such as CaO, MgO, Y 2 O 3 in a certain amount. The addition of this stabilizer has been shown to stabilize zirconia at room temperature, so that it can cause transformation toughening phenomenon which can improve the mechanical properties of zirconia when spontaneous cracking occur. 7 The sol-gel method is one of the simplest methods of preparing a zirconia-based composite filler. It does not need a long operation, is relatively in low heating temperature and low cost. The use of sol-gel method can produce nano-sized with structured materials by using a template in the process. The template serves as a mold or substrate on where the inorganic particles grow. 8, 9 One of the most widely developed templates, due to its large number in nature, environmentally friendly property, and biocompatibility, is the eggshell membrane. The eggshell membrane has a mesh-shaped structure. 10 The mesh structure of the filler can increase the surface area so it is expected to improve the mechanical properties of the composite. 11 Composites with nano zirconia fillers on the market are all expensive imported products, so the authors would like to try to make their own composite material by using eggshell membrane as a template to produce a Ca-PSZ structured mesh filler.
METHODS
The method used in this study was the experimental method in the laboratory. The research was conducted at Integrated Materials Process Laboratory of Physics Engineering Institute of Technology Bandung (ITB).
This research used ZrOCl 2 precursor with concentration 0.05 M, stabilizer Ca(NO 3 ) 2 7 mol %, chitosan as a dispersant and chelating agent and outer membrane part of eggshell membrane as the template.
The steps taken in this research was making the sol-gel solution by mixing ZrOCl 2 , Ca(NO 3 ) 2 , and chitosan. The eggshell membrane template was immersed in a sol-gel solution for 24 hours. The eggshell membrane then removed and then calcined at 700 o C so that the eggshell membrane would be lost and produced Ca-PSZ powder. The synthesized Ca-PSZ powder was then characterized using EDS, XRD, and SEM to check its compositions and crystal structures.
The resulting powder of Ca-PSZ was then made into filler in the composite making. In this study, the composition of the composite used is as much as 40 wt% filler, 60 wt% matrix, photoinitiator, accelerator, and inhibitor. The synthesized Ca-PSZ powder is weighed according to the calculation and then immersed into chitosan solution and dry using vacuum and oven. After drying, the powder is mixed with a mixture of matrices consisting of UDMA, TEGDMA, DMAEMA, Chomporquinone, and Butylated hydroxytoluene and then stirred with a spatula into a paste.
The formed paste was put into a circular mold with a diameter of 6 mm and a thickness of 3 mm, flattened with a plastic instrument and irradiated with Light Curing Unit (LCU) Woodpecker LED.D. Then a composite specimen of a circle that has been hard tested the hardness value of its microvickers.
The microvickers hardness test was conducted at the Laboratory of the Faculty of Mining and Petroleum ITB using the LECO-Japan-M-400-H1/H2/H3 testing machine. In this test, three specimens were used, in which each specimen was indexed at five points for 15 seconds with a load of 0.1 kg. Then the result is on average to get the value of its microvickers hardness.
RESULTS

Energy Dispersive X-Ray Spectroscopy (EDS/EDX)
is a technique used to analyze chemical elements of materials and to investigate the sample contents. 12 From EDS characterization, it could be seen that the elements contained in the sample were zirconia, oxygen, and calcium. Thus, it could be confirmed that the formed elements were predominantly zirconia and not residual carbon from the burning of eggshell membrane.
X-Ray Diffraction (XRD) characterization was used to identify the crystalline phase in the sample. 13 Characterization using X-Ray Diffraction (XRD) was performed on the sample to determine the shape and the size of the crystal structure that formed of the sample. The XRD results (Fig.1) could be interpreted using X Powder software, which the sample showed that it formed nanoscale tetragonal zirconia crystals.
Scanning Electron Microscopy (SEM) characterization was performed to determine the microstructure and the surface morphology of the sample.
14 From the SEM results (Figure 2 ), it could be seen that the morphology of Ca-PSZ took after the morphology of eggshell membrane, mesh shaped structure.
From microvickers hardness test, there were 3 composite specimens that were made by using Ca-PSZ filler from the synthesis. Indentations were done at five points from each specimen, which then calculated to get the average value. Then, the average value of all three specimens was calculated (Table 1) , which was 15.79 VHN.
DISCUSSION
EDS and XRD characterization showed the elements contained in the sample were zirconia, oxygen, and calcium with crystallite formed on nano-sized. From the SEM results in the sample, it could be seen that the morphology of Ca-PSZ resembled the morphology of eggshell morphology, mesh-shape morphology. This proves that there had been a bond between the eggshell membrane and ZrO 2 when the immersion process in sol-gel solution. The eggshell membrane consists of a protein containing an OH-group that can bind to metal oxides such as ZrO 2 .
9,10 When the eggshell membrane is immersed into a sol-gel solution, the ZrO 2 particles will bind to the OH-group of the eggshell membrane. After calcination at 700°C temperature, the eggshell membrane which contained protein will vanish, so that only remained were ZrO 2 particles that took after the morphology of the eggshell membrane. The result of this synthesis was a powder that next would be used as filler in the composite. The composite is a material that consisted of an organic resin matrix and an inorganic filler particle combined into one by coupling agent.
2 The composite specimens, that were used to test the microvickers hardness in this study, were created using the synthesized Ca-PSZ (Calcia-Partially Stabilized Zirconia) filler. This test is used to determine the value of surface hardness on brittle materials, such as ceramics composites, and also to test the hardness of a material with a small specimen. 1, 7 In this study, the average value of the microvickers hardness of all three specimens was 15.79 VHN.
The microvickers hardness values of the specimens were still below the composite on the market, proposed by McCabe and Angus 15 , which is 30-90 VHN. Some things that affect hardness in composites are the type and size of filler and also the percentage of filler and matrix that are contained in the composite.
3,16
The low hardness values in this study could be caused by the type of matrix that was used. In this study, UDMA and TEDGMA were used as matrixes, while the commercial composite in the market used the Bis-GMA. Bis-GMA is derived from the reaction of glycidyl methacrylate with bisphenol-A, it has high viscosity. On the other hand, UDMA and TEDGMA have lower viscosity compared to Bis-GMA. The low viscosity could reduce the hardness of composite.
2,3
Another cause of the low hardness value might be created from improper composition between the matrix and the filler. In this study, the percentages of filler were very small compared to the matrix. The low percentages of filler will degrade the hardness of the composite. 16 The type of filler that used in this study has also had the possibility of affecting the hardness. In this study, the filler was zirconia (Ca-PSZ), whereas the composites in the market the filler usually consist of a mixture of zirconia, silica, quartz, and others. Zirconia is known to have nonreactive surface properties, so it is not easy to react with other materials. Special treatments may be required, such as adding and coating zirconia with silica or alumina that will bind the surface mechanically. 6, 17 In this study, the zirconia was not given any special treatment.
Compared with the research conducted by Putri 18 , which examined the hardness value of composite microvickers by using a particulate spherical Ca-PSZ filler, the hardness value in this study was greater. Putri 18 used composites with filler and matrix with ratio 70:30 wt%. The result of the microvickers hardness value was 13.13 VHN. The hardness value in this study was greater than in Putri 18 studies. This may be due to the meshshaped of Ca-PSZ filler. Pinho 11 said that mesh structure can improve the mechanical properties of composites.
CONCLUSION
The conclusion of this research was that the composite could be produced using the Ca-PSZ filler with mesh structure that synthesized by sol-gel method using eggshell membrane as the template. The mesh structure of the filler could increase the hardness of composites.
